Diffuse large B-cell lymphoma (DLBCL) is regarded as a heterogeneous group of lymphomas. The aims of this study were to determine the clinical significance and prognostic value of different immunophenotypic profiles in localizedstage head and neck DLBCL treated with curative radiotherapy. We included 102 localized-stage head and neck DLBCL patients in this study. We classified DLBCL patients into germinal center B-cell (GCB) and non-GCB groups by immunohistochemical analysis. Statistical analysis was used to correlate the GCB and non-GCB subgroups, CD5 and Ki67 expression, B-ALPS (a modified International Prognostic Index for early stage lymphoma), chemotherapy regimen, and sex. Multivariate analysis was performed using the Cox proportional hazard regression model to compare cause-specific survival (CSS) and relapse-free rate (RFR) distributions. The cell of origin classification (GCB or non-GCB subtypes) was an independent predictor of CSS (p = 0.040) and RFR (p = 0.023). In the non-GCB group, chemotherapy with rituximab was an independent predictor of CSS. In conclusion, this study shows that the prognosis of the non-GCB group was significantly poorer than that of the GCB group, and that rituximab improved CSS in localizedstage head and neck DLBCL, especially in the non-GCB group.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma (NHL) and accounts for 30% to 40% of newly diagnosed NHL cases [1, 2] . DLBCL is regarded as a heterogeneous group of lymphomas in terms of surface markers, histology, and clinical features [3] . The International Prognostic Index (IPI) has remained the most important independent prognostic factor in survival analysis and has been widely used to predict the prognosis of NHL patients [4] . Differences in outcomes between groups of patients with DLBCL, defined by the 5 IPI clinical parameters (extranodal involvement, age, lactate dehydrogenase [LDH] level, performance status [PS] , and stage), reflect a mixture of underlying biological and genetic differences that affect the patient's responsiveness to therapies. Most studies regarding the heterogeneity of DLBCL have focused on the morphologic features, individual protein expression, or molecular alterations [5] [6] [7] [8] [9] . Combining these biomarkers may add to the prognostic information gleaned from the clinical variables in the clinical prognostic index.
The expression of individual antigens related to different stages of B-cell differentiation, including CD10, BCL6, MUM1/IRF4, and CD5 may help to define groups of tumors with different clinical and pathological characteristics [10] [11] [12] [13] . The cell of origin classification based on gene expression profiling has shown that a germinal center B-cell (GCB) profile predicts a better survival when compared to a non-GCB profile, among DLBCL patients treated by chemotherapy with or without rituximab [5, 6, 9, 14] . This DLBCL subclassification (GCB or non-GCB) has been translated to paraffin-embedded tissues by combined immunostaining of CD10, BCL6, and MUM1/IRF4 using the Hans algorithm [15] . Various studies have shown that this classification on the basis of the cell of origin is an important independent prognostic factor for patients who are treated with CHOP-(cyclophosphamide, doxorubicin, vincristine, and prednisone) like chemotherapy [15] [16] [17] . GCB and non-GCB phenotypes are predictors of outcome in DLBCL and can be used to stratify chemotherapy-treated patients into lowand high-risk groups. Some reports have shown that survival outcome for treatment with CHOP-like chemotherapy tended to be much better in patients with the GCB subtype than in patients with the non-GCB subtype [15] [16] [17] [18] [19] . In the rituximab era, some reports have suggested that the prognostic value for the distinction of the GCB and non-GCB was loss for patients treated with R-CHOP [18, 19] . On the other hand, it has been reported that a difference in survival between GCB and non-GCB subtypes was still present [20] . Ki67 is a nuclear antigen expressed in cells that are proliferating, and has been considered a useful prognostic index in various malignancies, including DLBCL [21] [22] [23] [24] . It has been reported that prognosis is likely to be poorest for patients with a non-GCB phenotype and high Ki67 expression when compared to the other subgroups. In addition, elevated Ki67 expression indicated a limited survival benefit of R-CHOP (CHOP with rituximab) therapy for non-GCB DLBCL patients [25] . CD5-positive (CD5+) DLBCL is a subtype of DL-BCL and it has been reported that its clinical outcome is poorer than CD5-negative (CD5-) DLBCL [12] .
About the effect of radiotherapy, it has been reported that no difference was found in the survival rates between patients receiving radiotherapy alone and those receiving radiotherapy and CHOP-like chemotherapy [26] . It has been also suggested localized oral NHL with no ulceration and intermediate histologic features may be successfully treated with radiotherapy alone [27] . However, no report has been found that evaluates the difference of effect between radiotherapy alone and the combination of radiotherapy and chemotherapy with rituximab in NHL.
It is important to identify at diagnosis, patients who may need more aggressive therapies; moreover, there is a need for biomarkers that accurately predict the outcome for these patients. However, thus far, no study has been published regarding the relationship between classification based on the cell of origin and prognosis in localized-stage head and neck DLBCL which indicates curative radiotherapy. Therefore, the aims of this study were to determine the clinical significance and prognostic value of different immunophenotypic profiles, and to investigate the possible relationship of these groups of tumors with different oncogenic and proliferative markers, in localized-stage head and neck DLBCL treated with curative radiotherapy, with or without chemotherapy.
Materials and Methods

Patients
The study population consisted of 133 patients with localized-stage head and neck DLBCL who were treated at the Kurume University Hospital between January 2000 and December 2010. All patients received radiotherapy, with or without chemotherapy (including immunochemotherapy). Basically, radiotherapy and chemotherapy were received, but chemotherapy could not be added because of the condition of the patients, taking into account factors such as worse PS, high age, and systemic complications; also, some patients refused chemotherapy.
All specimens for histologic and immunophenotypic studies were obtained at the initial diagnosis. However, 31 patients were excluded for one of the following reasons: 1) specimens were inadequate for immunostaining or 2) paraffin blocks were unavailable for immunostaining because the patients were referred from other institutions. The remaining 102 DLBCL patients were included in the present study.
Radiotherapy was performed using involved field and the median total dose of radiotherapy was 30.6 Gy (range, 27 Gy -61 Gy, over 95% of patients received under 40.6 Gy). The basic dose of radiotherapy was 30.6 Gy in radiotherapy with chemotherapy cases, and 40.6 Gy in radiotherapy alone cases. The primary sites for these patients were Waldeyer's ring (50 cases), lymph node (LN) (20 cases), thyroid (10 cases), paranasal sinus (10 cases), nasal cavity (5 cases), nasopharynx (3 cases), hypopharynx (2 cases), and oral cavity (2 cases). As mentioned earlier, the IPI has been widely used to predict the prognosis of NHL patients [4] . Stages were originally grouped as I or II vs III or IV, but this can be modified to I vs II when analyzing early-stage NHL. Oguchi et al. introduced a new prognostic index, B-ALPS (tumor bulk, age, LDH level, PS, and stage,), which included tumor bulk (≥6 cm vs <6 cm) instead of the amount of extranodal involvement [28] . Hayabuchi et al. reported that B-ALPS appears to be a better index for Stage I and II B-cell NHL of the head and neck [26] . Therefore, we have used B-ALPS instead of IPI as the clinical index in this study.
Disease remission was defined as absence of disease for at least 1 month after cessation of the last treatment regimen, as assessed by laboratory and imaging studies and physical examinations. Disease relapses were defined as disease recurring at least 1 month after disease remission.
This study was approved by the institutional review board of Kurume University School of Medicine, and complied with the Helsinki Declaration.
Immunohistochemistry
The sections stained with hematoxylin and eosin (H & E) and the available immunohistochemical slides of all cases were re-examined. Immunohistochemical analyses were performed using 2-μm sections by standard immunohistochemistry methods. Antibodies against the following antigens were utilized: CD5 (clone 4C7; Novocastra, Newcastle, UK), CD10 (clone 56C6; Novocastra), BCL6 (clone P1F6; Novocastra), multiple myeloma-1/interferon regulatory factor-4 (MUM1/IRF4, clone MUM1p; Dako, Glostrup, Denmark), and Ki67 (clone MIB 1; Dako). The antibodies were visualized with the ChemMate ENVI-SION method (Dako). Diaminobenzidine (DAB) was used as a substrate. Sections were counterstained by hematoxylin.
Evaluation of Immunostained Sections
Immunoreactivity was determined without any knowledge of survival or other clinical data. A minimum of 500 tumor cells were evaluated in each of 3 -5 microscopic fields. All antigen expression except that of Ki67 was evaluated by assessing the percentage of immunoreactive tumor cells in 10% increments. Ki67 expression was evaluated by assessing the percentage of immunoreactive tumor cells in 5% increments. For evaluation of CD5, CD10, BCL6, and MUM1/IRF4, more than 30% positivity of the tumor cells was judged to indicate positivity for the purposes of this study. We determined the evaluation method of the expression of the antibodies by referring to the previous reports [15, 23, 29] , and by considering the method used clinically.
Classification of Tumors as GCB or Non-GCB
We used the immunohistochemical expression of CD10, BCL6, or MUM1/IRF4 to classify cases of DLBCL into GCB and non-GCB groups according to the Hans algorithm ( Figure 1 ) [15] .
Statistical Analysis
Clinical characteristics of the 2 groups (GCB vs non-GCB, CD5+ DLBCL vs CD5− DLBCL) were compared using the Mann-Whitney U test or the chi-square test. We used cause-specific survival (CSS) and relapse-free rate (RFR) to compare the prognosis of the patients. Because all cases that were deceased due to other causes were part of the GCB group ( Table 1) . CSS was defined as the time from initial diagnosis to the date of death or last contact. RFR was defined as the time from initial diagnosis to the date of relapse. CSS and RFR curves were estimated by the Kaplan-Meier method. Statistical differences between these curves were determined using the log-rank test for each of the parameters. Multivariate analysis was performed using the Cox proportional hazard regression model to compare CSS and RFR distributions following adjustment for the variables mentioned. A p value of less than 0.05 was considered statistically significant. The analysis was carried out using JMP 10 for Windows (SAS, Cary, NC, USA). Twenty-three patients received radiotherapy alone, whereas 79 patients were treated with radiotherapy and chemotherapy. The chemotherapy regimens used were CHOP or CHOP-like regimens, with or without rituximab. Fortytwo patients received a CHOP-like regimen, and 37 patients received an R-CHOP-like regimen. The median follow-up of surviving patients was 52 months (range, 3 to 138 months).
Results
Patient Characteristics
At the time of analysis, 19 patients (19%) had died, and 83 patients (81%) were alive at last contact. Thirteen patients died as a result of malignant lymphoma, and 6 due to other disease. Twenty-three relapses occurred, at abdominal LNs (6 cases), multiple sites (6 cases), central nervous system (4 cases), axillary LNs (2 cases), ileum end (1 case), stomach (1 case), and testis (1 case), and only 2 relapses occurred inside the previous radiotherapy field. The characteristics of the patients with respect to age, sex, stage, B-ALPS, and treatment are listed in Table 2. The 2-year CSS rate of all 102 patients, estimated by the Kaplan-Meier method was 88.5%, and the 5-year overall survival rate was 86.8%. The 2-year RFR for the entire group was 80.9% and the 5-year RFR was 79.4%. considered GCB and 59 cases (58%) non-GCB. Examples of immunohistochemical subclassification are shown in Figure 2 . The clinical features of the patients with immunohistochemistry of GCB and non-GCB are shown in Table 2 . The clinical features were not significantly different between the 2 subtypes. The median follow-up for the GCB and the non-GCB patients was 57 months (range, 3 to 138 months) and 49 months (range, 7 to 135 months).
The 5-year CSS and RFR for the GCB group were 92.4% and 90.2% compared with 82.8% and 71.9% for the non-GCB group, respectively. There were 33 CD5+ cases (32%), and 69 CD5− cases (68%). The median follow-up for the CD5+ and CD5− patients was 74 months (range, 11 to 135 months) and 73 months (range, 3 to 138 months), respectively. The clinical features of the CD5+ and CD5− patients are shown in 
Prognostic Factor Analyses
Variables considered in the analysis were the cell of origin classification (GCB or non-GCB), B-ALPS, CD5, Ki67, chemotherapy regimen (no chemotherapy, CHOPlike regimen, and R-CHOP-like regimen), and sex. According to B-ALPS, patients were divided into 3 groups: the low risk group had risk factors from 0 to 1, the intermediate group had risk factors of 2, and the high-risk group had risk factors from 3 to 5. In univariate analysis, the cell of origin classification was a significant factor influencing RFR (p = 0.033) (Figure 3(a) ), but none of these variables were significant for CSS. Multivariate analysis was performed using information from all of the variables. The cell of origin classification was an independent predictor of CSS (p = 0.040), with those in the non-GCB group having a 3.71-fold (95% CI: 1.06 -17.6) greater risk of death (Figure 3(b) ). This classification was the only independent predictor of RFR (p = 0.023), with those in the non-GCB group having a 2.96-fold (95% CI: 1.15 -9.12) greater risk of relapse ( Figure  3(a) ). The chemotherapy regimen was also an independent predictor of CSS, with cases who had no chemotherapy having a 11.9-fold (95% CI: 1.50 -253, p = 0.018) greater risk of death than those who had the R-CHOP-like regimen. Cases with a CHOP-like regimen had a 7.68-fold (95% CI: 1.31 -146, p = 0.021) greater risk of death than those who had a R-CHOP-like regimen. However, in the cases treated without rituximab, there were no statistically significant differences between cases with no chemotherapy (radiotherapy alone) and those who received a CHOP-like regimen (Figure 4(a) ). This result implies that addition of rituximab to the radiotherapy treatment or CHOP-like chemotherapy improves prognosis. The data are listed in Table 3 .
We divided the patients into the GCB group and non-GCB group, and analyzed the statistics separately. In the GCB group, no independent predictors of CSS and RFR were found. On the other hand, in the non-GCB group the chemotherapy regimen was an independent predictor of CSS, with no chemotherapy cases having a 13.0-fold (95% CI: 1.25 -308, p = 0.031) greater risk of death than those who had a R-CHOP-like regimen. In addition, the CHOP-like regimen resulted in a 9.22-fold (95% CI: 1.44 -180, p = 0.017) greater risk of death than the R-CHOPlike regimen. There was no statistically significant difference between the radiotherapy alone cases and those who had a CHOP-like regimen without rituximab (Figure 4(b) ).
Discussion
DLBCL is heterogeneous with respect to clinical presentation, genetic features, and the cell of origin [30, 31] . In an attempt to elucidate the underlying factors contributing to this disease, the prognostic value of numerous individual proteins has been studied by immunohistochemical and molecular techniques [7, 8, [32] [33] [34] . The expression of individual antigens related to the different stages of B-cell differentiation, including CD10, BCL6, MUM1/ IRF4, and CD5 may help to define groups of tumors with different clinical and pathological characteristics [10, 11, 13] .
The distinction of the GCB and non-GCB subtypes is beginning to translate into the clinic, as these diagnostic categories have significantly different survival rates after standard treatment. A few studies have used the immunohistochemical expression of CD10, BCL6, or MUM1/ IRF4 to classify cases of DLBCL into GCB and non-GCB groups [11, 34] . Various studies have shown that this classification on the basis of the cell of origin is an important independent prognostic factor for patients who are treated with CHOP or CHOP-like chemotherapy [15] [16] [17] . However, in the rituximab era, the resulting data have been controversial, with several studies showing a significantly better survival rate for the GCB group and others finding no difference in survival between the GCB and non-GCB groups [15, 34, 35] . With regard to the association of the GCB and non-GCB subtypes, and the expression of Ki67, it has been reported that prognosis is poorest for patients with elevated Ki67 expression in the non-GCB subgroup [25] .
De novo CD5+ DLBCL is a subtype of DLBCL with a poor clinical outcome. Yamaguchi et al. reported that its prognosis was significantly poorer than that of CD5-tumors [12] . In contrast, it has also been reported that the expression of CD5 in DLBCL did not affect overall survival [36] .
Radiotherapy is effective for malignant lymphoma, and some reports have suggested that localized NHL may be successfully treated with radiotherapy alone until rituximab era [26, 27] . So we especially focused localizedstage head and neck DLBCL treated with curative radiotherapy. To our knowledge, an analysis of the relationship between classification on the basis of the cell of origin or expression of CD5 and the prognosis of patients with localized-stage head and neck DLBCL, treated with curative radiotherapy with or without chemotherapy, has not been reported. In this study, we investigated the clinical significance and prognostic value of different immunophenotypic profiles related to B-cell differentiation, CD5 and Ki67 expression in patients with localized-stage head and neck DLBCL treated with curative radiotherapy. We found that the prognosis of the GCB subtype was significantly better than the non-GCB subtype in localized-stage head and neck DLBCL, which indicates curative radiotherapy. This classification, on the basis of the cell of origin, is predictive of survival in patients with DLBCL who were treated with curative radiotherapy with or without chemotherapy. Our findings confirm previous studies showing that the patients with an immunohistochemically-defined GCB phenotype have a significantly better outcome compared to patients with a non-GCB phenotype [15] [16] [17] . Therefore combining these biomarkers may provide further prognostic information in addition to that yielded by the clinical index. We found no correlation between the expression of CD5 or Ki67 in DLBCL patients and the survival or relapse rate.
Rituximab is a monoclonal antibody targeting CD20, a common B-cell marker that is present on the majority of malignant lymphoma cells. Some groups have demonstrated a survival benefit from the addition of rituximab to CHOP [37] . Thus, rituximab continues to be an integral component of treatment for DLBCL patients. We found that the addition of rituximab to radiotherapy or standard chemotherapy improved the survival of patients with localized-stage head and neck DLBCL in non-GCB group, but in GCB group. This study confirms the advantage of a combined radiotherapy-immunochemotherapy approach for these patients. In cases involving elderly people, it is sometimes difficult to add chemotherapy due to their complications, and it may be preferable to just add rituximab to curative radiotherapy. The further research is needed.
Recent clinical studies suggest that the prognosis of the non-GCB subgroup of DLBCL is improved by rituximab-containing chemotherapy [18, 38, 39] . In this study, we also found that the addition of rituximab improved CSS in the non-GCB group, and this result reached statistical significance, but this was not the case for the GCB group. Therefore, the addition of rituximab should be considered an important part of treatment for the non-GCB subgroup of DLBCL patients.
However, there are some limitations to this study as it was a retrospective one, and there may be a selection bias related to the type of therapy employed, either for the group that received radiotherapy alone or for the group that received additional chemotherapy. Moreover, the number of patients analyzed was not large. Despite these limitations, to our knowledge, this is the first study to report that the cell of origin classification predicts prognosis in patients with localized-stage DLBCL, all of whom received curative radiotherapy.
In conclusion, the present study shows that the prognosis of the non-GCB group was significantly poorer than that of the GCB group in patients with localizedstage head and neck DLBCL. In addition, we showed that rituximab improved the CSS in localized-stage non-GCB DLBCL. We may be able to refer to this immunohistochemical subclassification when deciding future treatment plans for patients with localized-stage DLBCL.
